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Abstract 
The series of compounds LaTSb2 (T=Cu,Ag,Au) show various electronic properties.  In this paper we have calculated the 
electronic structure of LaTSb2 from first-principles. The obtained Fermi surfaces of LaAgSb2 show strong two-dimensionality, 
which well agrees with the results of de Haas - van Alphen experiment. On the other hand, one of the Fermi surface of LaCuSb2 
show three-dimensionality. LaAuSb2 has the intermediate properties. These different Fermi surfaces may cause the occurrence of 
the charge density wave (CDW) in LaAgSb2 and LaAuSb2, and no occurrence of the CDW in LaCuSb2. The conduction electrons 
are mainly due to Sb-5p electrons, while La-d and T-d electrons also have considerable contribution. The calculated electronic 
specific heat coefficient well agrees with the experimental results. The energy dispersion curve shows some Dirac points in the 
case of scalar-relativistic calculation, but these Dirac points are disappeared when we take the spin-orbit interaction into account. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the ISS 2013 Program Committee. 
Keywords: /D$J6E/D$X6E/D&X6EEDQGVWUXFWXUHFDOFXODWLRQFKDUJHGHQVLW\ZDYHVSLQRUELWLQWHUDFWLRQ'LUDFFRQH 
1. Introduction 
Ternary intermetallic compounds LaTSb2 (T=Cu,Ag,Au) have been paid much attentions because of their fertile 
electronic properties. They crystallize in a simple tetragonal ZrCuSi2-type structure (P4/nmm, No.129)[1,2], which 
looks very similar to that of the iron-pnictide superconductors.  LaCuSb2 shows superconductivity below Tc=0.9K[3]. 
On the other hand, LaAgSb2 and LaAuSb2 do not show superconductivity, but their resistivity show strong 
anomalies at 207K and 88K, respectively[4-6]. These anomalies are ascribed to the possible charge-density-wave 
(CDW) transition.  
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Moreover, LaAgSb2 shows colossal magnetoresistance (MR) [4]. In conventional metals the field dependence of 
MR is quadratic, but LaAgSb2 shows linear field dependence of MR. Previous first-principles calculation  shows that 
LaAgSb2 has several Dirac-like points, and this linear field dependence of MR is ascribed to the  Dirac fermions 
around these k-points[7]. This kind of Dirac-like points exists also in layer compound SrMnBi2[8-10].  
One of our interests is whether these Dirac-like points exist or not in other LaTSb2 compounds. We are also 
interested in the shape of the Fermi surfaces of LaTSb2, because the above-mentioned CDW is related to the two-
dimensionality of the Fermi surfaces.  In this paper we have calculated the electronic structure of LaTSb2 
(T=Cu,Ag,Au) from first-principles. The obtained Fermi surfaces of LaAgSb2 show strong two-dimensionality, 
which well agrees with the results of de Haas - van Alphen experiment. On the other hand, one of the Fermi surfaces 
of LaCuSb2 show three-dimensionality. LaAuSb2 has the intermediate properties. These different Fermi surfaces 
may cause the occurrence of the charge density wave (CDW) in LaAgSb2 and LaAuSb2, and no occurrence of the 
CDW in LaCuSb2. The conduction electrons are mainly due to Sb-5p electrons, while La-d and T-d electrons also 
have considerable contribution. The calculated electronic specific heat coefficient well agrees with the experimental 
results. The energy dispersion curve shows some Dirac points in the case of scalar-relativistic calculation, but these 
Dirac points are disappeared when we take the spin-orbit interaction into account.  
 
2. Method of calculations 
In order to investigate the electronic structure of LaTSb2(T=Cu,Ag,Au), we performed an ab-initio band 
calculation for these compounds. We have used full-potential augmented plane-wave (FLAPW) scheme and 
exchange-correlation potential was constructed within local-density approximation (LDA). These are implemented 
as KANSAI-94 and TSPACE[11] computer codes. The space group is P4/nmm (#129), and the lattice constants and 
atomic parameters are fixed at the experimentally observed ones[12-14]. Muffin-tin radii used in these calculations 
are 0.307a for La, 0.274a for T and Sb, where a denotes the lattice constant, respectively. For plane wave basis 
functions we used are about 1000 LAPWs. 
Since this compound contains heavy atom Sb, we have included spin-orbit interaction (SOI) in second-variational 
approach[15]. In this scheme, we first perform the scalar-relativistic calculation, and then include SOI iteratively. 
 
 
3. Results and Discussions 
Figure 1 shows the energy dispersion curves of LaTSb2 (T=Cu,Ag,Au) near the Fermi level (EF). The states with 
energy EF mainly consist of Sb-p orbitals, while La-d and T-d orbitals have also significant contribution. The upper 
panels are the results of the scalar-relativistic calculation, i.e. does not include the spin-orbit interaction (SOI), while 
the lower panels include SOI. We notice that in the upper panels there are some Dirac-like points, i.e. two bands are 
crossing near EF. These two bands have different symmetry in the case without SOI, and at the crossing point there 
is an accidental degeneracy. These results well agrees with the previous calculation by Wang and Petrovic[7], which 
indicates that their calculation is probably scalar-relativistic (though in their paper there is no description about this 
point). Inclusion of SOI lifts this degeneracy. The two bands belong to the same irreducible representation and the 
matrix element between the two wavefunctions exists, therefore these bands repulse each other, as seen in the right 
panel. The energy splitting between the two bands ΔSOI is estimated in two ways. One is the splitting of the bands 
along X-Y-M axis. In the space group P4/nmm, all states along this axis are doubly degenerated when SOI is not 
included. The inclusion of SOI lifts this degeneracy, and the energy splitting is ~0.2eV. The other is the energy 
splitting near the “Dirac point”. At the point k0=(5/32,5/32,1/2)a* the energy splitting is ~0.05eV when SOI is not 
included, which shows that k0 is near the “Dirac-point”.  After inclusion of SOI, the energy splitting at k0 is also 
~0.2eV. Thus we can estimate that ΔSOI is ~0.2eV. Such a large SOI splitting is due to the large SOI on Sb-p orbitals. 
The magnitude of ΔSOI is almost the same among the LaTSb2 series, showing that the states with energy EF mainly 
consist of Sb-p orbitals. 
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Fig. 1. Energy dispersion curves of LaTSb2.  
 
This large splitting completely changes the energy dispersion near the “Dirac-point” k0, the energy is no longer 
linear with k, but is quadratic with k. Thus we cannot expect a linear dependence of MR due to the Dirac 
fermions[16,17]. The origin of the linear MR in LaAgSb2 is still a mystery.  
 
Figure 2 shows the Fermi surfaces (FSs) of LaTSb2 (T=Cu,Ag,Au). Reflecting that these three compounds have 
similar energy dispersions, their FSs have some common features. Especially, all of them have two electron FSs 
which are strongly two-dimensional. On the other hand, hole FSs are strongly material dependent. LaAgSb2 has two 
hole FSs, and the larger one (the second left one, square pillar-like shape) is strongly two-dimensional. These 
features are basically consistent with the previous calculation[18].  However, in LaAuSb2 and LaCuSb2 there is only 
one hole FS. Moreover, its shape is more three-dimensional than the corresponding FS in LaAgSb2. Especially, in 
LaCuSb2, thick “branches” grows from the above-mentioned “pillar”. These branches make the FSs three-
dimensional, and may prevent the occurrence of the charge-density wave.  
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Fig. 2. Fermi surfaces of LaTSb2.  
4. Summary 
Electronic structures of LaTSb2 (T=Cu, Ag, Au) are calculated. The band dispersion of LaTSb2 has some Dirac-
like points within the scalar-relativistic calculation, but these singularities are disappeared when we include the spin-
orbit interaction. This is due to the strong spin-orbit interaction in the Sb-p bands, which are mainly contributed to 
the states around the Fermi level. In LaAgSb2 the Fermi surfaces are strongly two-dimensional, but in LaCuSb2 this 
two-dimensionality is weakened, and possibly CDW disappears. 
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